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Abstr”tic[

‘1’)]() h4am )Ir]virontlm]tiil
plojec( IIaf hen t’stahlislle(l  to
a Ildwol k of slI)rill  lall(tcl”s

Survey (h411Sll R)
deliw arid em]~lacc
011 h’lars. A kC.y

rt’(luisitr. for this I]]issioti  is the (Iwcl(y)llwld  of a
low cost, sillq)lc, I olmsl delivery systcm for
]]ayloa(ls  to the. hlal[iatl  su[ face . . NASA has
Clcatd  t i l e ?  N41:SUR l’atllflll(le[  ptojcct 8$ a
])1 C.CUIS(M to the h41iS[JR  Network; i t s  ]Irilllaty
tecl])mlo~,y  ol)jcctiw i s  t o  (Iewcl(q)  tlIc dclivcwy
calml)ilily  for  h41:Sll R Netwmk,  l)iscmwy  aml
bcy(md . ‘1’lIc.  h41iSUR l’alhfln(lc]  Inissiotl  ldulIclIcs
a sitl~le, i]ltc.g. t atcd flight vd]icle.  OII tI ajcclo[  y to
h4ars iII tl]c.  NovcIl)t)cr/l)cceIIll)e[  199601 )J)OI” [unity.
At allival in 199-/, t}le vehicle (Iircc(ly  UI(LNS the
atllmspllc.tc  and is bt-akd  successively by all
mosllcll,  ]M[acliu(c  and aithaf,. Once. otl tllc.

surface, tllc vellic]c ~-ights itscdf by (lcI)loyi]~fl  J)c[als
cxlmin~, solar allays to tile  sky. h40cku])s of tile.
flif.ht  Sys(m have t)ccn  built  all(i (I1 OJ) tests of the
ail-t)afl latdin~  systmn h a v e  IM2C11 llia(lc. “1 ‘t le.
l’athfin(lc[  stlawnan  sciclitific  ]Myl(ml i[du(lcs
i]lst[unmts  fol llic.asul  il]~ the stl uctuic o f  tile
atl]m]dlm  (iNI inf, dmce[lt, a Imrnlall]ic  cal[ku  a fol

* h4amt~cr, h4m A(lvanccd  Missio[]s  Ot’ljcc

(’oj)yt igllt o Atll<’ricar]  I{~stit~ltc}  of Actorl;itucs and
Ast[ollautics, IDc., 1993. All ti~’.hts rest’[vt’d.

de[crlllitlin~  surface llmq~l]olo:y, and al] alJ]ha -
]JIu(orI-X-~ay (AI’X) S]W.CIIOIIINCI  to (Icte[!]lilm
cdcIImII(al  col[ljmitio[l  of locks .aTd soil. ‘1’lLC. AI’X
s]m.ctlo[nctcr  is carrid by a sIllall  Iovm that will
III i][fi i t  into coldact  will] locks aId c.xl)lme.  tile.
local  a[c’a. “1’lIc h41;SLJl<  l’aIlifiIKlc.I  ])lc)ject i s
oj)el atillp  witl]il] a sti ict (levcloJ)li]cllt  cost ceil iflg of
$150 ]Ilillio]l,  A key n~arIaScrlIcrit  ohjcctivc of tltc
l)]ojcxt is to (Icl[mlwt[atc NASA’s al)ility  to (Icvelol)
al)(l laNIIClI  a vchiclc of  t}]is claw to h4ais  within
Illc $1S0 ll-lil lion milin f,. l’atl]fi[dcv will enable
affol(lablc access to tllc  h4arlial) SUI fAcc. fw 20 kp
class payloa(ls.

.JIltro(luctioll:” l;vollltioll of l141{Slllt

II] 1 9-/ 8 ,  tllc Natio]]al  Acadcri)y of Scicllce.’s
Colnll)it(cc  011 l’lalwtary all(l 1  .unal  llxldolati(m
(( X)h41’1 .1X) ]llovi(lcd dircctior)  to the lmst-Vikiug
h4ars e.xl)lo]atio[l  j)]()~,laln  ill statirl~:

“’1’hc ])1 illlary  ot)jectiws  ill OIdcI of scirmtific
III iolity fol tl]c c(~lltil]ued  e.x~)lolatioll  of h4als ale:

(1) ‘1’llc. illlellsive.  study of local  areas:

(a)

(t))

(c)

“1 ‘ o establish the chc.lllic  al,
Illillcl  alogical,  md ])ctrolop.  ical clla[acter
of (Iiffcrcl]t  coIllpoIlellts  of the surface
tlmtcl  i;il,  I t:j)restmtativc.  of tile know
divc[sity of tile. Illalmt;
“1’()  cstal)lish ttlc riature a[d cltrortology
of tllc tllajot  surfiice  f(lrlliill$  ~)tocesses;
‘1’() (Ictcllllinc tllc (list til~utioll,
abuldallcc,  aIKi SOLIIm a[d sinks o f
volatile Inatcrials, illclu(lillp, at]
awtwltlrrlt of tl]c tlioloflical  pottmtial  of
ttle I[la[[iall c[lvilt)lllllt’llt, 110};” 311( I
dul in!: I]ast qmlls;



((l) ‘1’0 cstablisll  t h e  i[ltt’[-action ot’ tllc
surface [tlatcrial  wi(h tllt~ atlllm[l}it’re
aid its I-ad ia(io[l  ellvilullll]t’[l(;

(3) ‘1 ’ ( )  W(plol t? t i l t ?  s(rllt’t\lIc a n d  (Iyllmics of
hfals’ illtcrior;

(4) ‘1’0 establish tlic ll:iturc  of’ tlIc. Illal(iall
ma~llctic lld(l all(l tile cllalactm of tlJc ulqwr
atl]wsllllcvc  aid its illtcractiol]  witl  J tlic solar
wild;

(5) “1’(J estatllisb tlie global cllc[llical  arid l~llysical
cl]a[actel istics of tile. 1)121 (iall sul fmc.” [1]

II} 1983,  the Solal System l;xlllordtioll  Colllrltittec
of the NASA A(ivisoly  Coutlcil  rcco~,[li~ed  tha( the.
(Ic$lce  to w’llich h4als scitvlcc ot~je.ctivcs  c(ml(l be
accollil)lisbe41  (Ie.jmmled on the establislltmd  ald
(qwation o f  a  nc[wol k of loll~-livc(l  sciwlcc
stations tit diverse locations on the SUIPNC of h4ars
to lwd fol’l]i se.islnic,  mcteol-ological,  ard gcmcie. rice
obsc.rvations [?]. Var i(ms c(mcq)ts  [0 establisb  a
p,lot]a]  h4ars laIIdcI IIetwoIk wac stu(lic(i  as l)al( of
the socallc141  “90 IIay Study ’( [3]. ID 1991, tllc
N A S A  A[]]cs ~t’SC’alC~l  (Wltc[ dcve.lqwd  all
itllm’ativc cwlccj)l fol a  h4:iIs ]:11~’i[otllllc]ltal
SIl]<ve.y  (h4t;SlJR)  ]Ilissio[l  t h a t  illvolvt’d t}lc.
])lIastxl  CInplaCCtIit3tlt  of a 16 lander llctwolk  011
h4tirs  bcgimli[l$ wit[l tllc. fllst Iau]]ch ill the
1998/1999 oplm[tutlity  and ending.  i[l 2006 afltu
one h4ars yc.ar (1.8 I{art}l years) of full rietwolk
co[lcullult  olmratiolls  [4].

l{e.s~mllsibi]ity  f o r  tl)c.  }’iiase A  slu(iy of tllc
Ml(S~JR  Network Inissioll w’m assi~,[ml  to tilt:  Jut
1’l(qmlsiorl  1.ab(~lato[  y (J1’1,) i[l Nc)vc]libc~l  of 1991.
III C.ally  1992,  JP1. was directed  to study t h e
ft’:isibili[y  o f  launchinp,  a  Ml: St-lR Nctwo] k
I)tc.cursor  ntissiotl L]ll(lcr tip.llt  SCIIcdlllc  a n d  cost
col]strai[lts  to (It?nwmt[a(e  Cri$itwcr ill{: systrlns ard
tt>clllwlo~ie.s  key to tile  Nctwolk.  ‘1’hc I)! ecursor
]]lissiw], dtxifl]]attd  hll:SIJR l’alll~;  ll(]tv, is slatt’d
for a new starl as ttlc frrst I)iscovtuy class I]lissio[l
ill October  1994 will)  a Iauhcb ill Iatc 1996. ‘1’tlc

hlI:S[l  R Nctwul k st;]l t is taly.et~>d ft~[- 1996 with ttlc
first ]aulwh [ar~:tvtxl  fuf II(J e;lrlicr thfilt the 1998/99
o])~m[(urlity.

A s  I)alt  of tile. h41:.S[J}< pIOfI,IaIII,  J]’]. is
study irl~:  [Ilc fc’asit)ility of larditi~ a sill~lc vdticlc
oll hqars ill 1997 as a dellml)stl atioll of the e.llablitl~
systmlls,  techlmlo:ies,  atd mailafe.tnent  a~q]roachc.s
fol tllc  h41:SlJll N e t w o r k  ll~issiotl,  lle.c:il]se  the
l~lalllw(l  Nctwol k lnissioll  will h a v e  a (Iiffcicmt,
IImlt’. st[cssful laldin~, I)locdure  that) waf use41 by
Vikitlfi, it is ill]lmr[;itlt  to dmliollst[ate. clitical  emt[y,
de.scellt,  a!d safe Ialdillg  futlc(iotls  1)1 iol to f(ll]-up
ill~l)le.ll~clltati(~ll  of the. hlllSLJR  hTctwork  fdli icati(m
activity. ‘J’he (Ic.llm)stlatim)  IIlissiorl,  (lcsigl]ate41
N41{SLJR }’athfirde.l  , is tllc. fl]st of tllc  IJisc(we.ry
claw lI]issiorls. 1 )iscove[  y ]Ilissiolls ale. dcfilicd  as
Pd<t sclle(lule.  (3 yea! dcvclolllllcwt cycle.), low cost
($150 iliillk)l]  dewlOllllicrlt  cOst cap) missiorls wilb
sig[lificarlt,  but focusc41,  scicvlcc  otljec(ivcx.

‘1’IIC l)riit]aty  oljectivc of h41;SUR }’athfi~der  is
to dcllmllst[ate  ct itical furlctio]ls, p a r t i c u l a r l y  tbc

e. IIt Iy, dcsceI]t, ald laIditlg, fu[lcliol],  lequi1e41 for
the successful (Icvdoptlient ald (Iq)loyimrd. of tile.
h41 :SUR Netw’c)I  k statiorls. ‘l”eclllwlo~y
(Iudo])llmts  to SIIIIIIO1  t tlIcsc functiotls  alc
(lcscl it]e41  itl a colnlmlliorl  llalm [ S ] . Sciclltific
ot)jectivm dlld the irwt[urliellt  Ijayload  for
l’athfl]l(ler illclllde.:

@ Ac(lllisitio~l  of atnmsl)he.t  ic sttucturc  d a t a
alollf.  the l’athfilded  Cultly  tlajcctory  fiotll
arl cIltly illstl  utllcllt  }Iackaf,e.  ~~[cssure.,
tt’ill~ml atul  c, a[l(i vehicle.  accclcratiol  l),

* (:}l:ir:tc[erizi{tic]r[  of stlrfacc lliorl)}lolopy”  and
scology a t  lne.tt![ scale floln a SLII face
illm:illfl  Calllcla,

* l)cl~’]tllill:llioll  of the (’lellle[ltal  co[tl]mitiotl
of rocks and/or sut face IIM(C1  ials fiol]i
All)tla/I’  rot(~rl/X-r:iy s~]cctrurllcter
Illmurctlwtlts.



A  sinp,lc hll{SUl< l’atlIilIdN aclm’1 aft w i l l  h

lLi\lllL’llt’(i 0[1 a I)t’l(ii  t’lilSS  Iall[l(’}1  VClliL’lt’ iIi

l)cct>{]ltJcr/J:t(lLl:\[y  1996. ‘1’hc l’a(tlfildcl acrOc Iafl
consists  Of a C[uisc s[asc, Re[d]cll (lIcat  sllicl(i  :ild
back twvci),  dccdcr  atOI systc]tls  (pa[ acllutc,  solid
lct[Ol Ockct,  ad air bass), and a laldc[ a< sllc)wil ill
l;ir,ulc 1. ‘1’hc aerocrafi will be spin- stahili~ed  and
l(alt}l-lmintcd  dui ill~  (he c1 uise to MaIs. l’atllfildc.l
will enter the martian atlnospherc 011 July 4, 1997
dit cctly fmln the IIylmlbolic tlarwfcr o[bit slid
dcsctd  to the suf Pdce usillf.  the aet (~sllcll,
lMIaclIutc,  ard solid rcllmockcl (0 S1OW the dc.sccmt
ald a n  a i r  bas systctll to altclluatt~  tl}e lall(ii])?,
slmc.ks  as sllowll ill l~i~.ure.s ?  ald 3. ‘J”llc.
l’dtllfilder  lallciillg si[c w i l l  t)c sclcctcd  flOl[i
avail  at)lc low dcvatiml  al ca$ la! ge. elmugl]  to
accOnllnOdatO  antici~)atcxl  targetitlg  dis}wIsi Oils lw.ar
the suh-solal point at 15° North latitude. 1.atdinfi
sitcsncar 15° Nc)rttl latitL1(le  l~r[)vi(lc  goo(ls(Jlar”  ard
l;al[ll  visil)i]ity  cOlditiOns fOr tile I]linlaly solar
]mwcl ald dilect-to-l;allh  c{~llllllllllic:itic)iis  fol tlic
dulatiOll  of tile. l)atllfill(itv  30 day plim:il  y IIlissioll.
A  fl cc-l angil]s, solar powm d I e v e ]  SUI fidcc
vclliclc,  dc.velojwd  with N A S A  Code. C fu]dil]~,,
will bc flow) oh Patl)fider. “1’he lover,  as shmvll
ill l:i~urt?  4, w i l l  bc dq)loycd  floI[i t}ic Iatdci to
cotduct  IoveI tecl]holo~,y  e.xl)e.rimcIds,  dete.llllino
tllc. viabil i ty of lover ojml atiolls  in tt]c.  Jwil [iarl
c[lvilOnlmwt,  ald stvve  as dC.]lloyIlif31t  l)latfOrI1]  for
tllc Al~llla/}’lc)tc)[l/X-lay  slw.ct[ollmttv. ‘I”llc
acquisition ard return of scientific data ald 10vcr
olwlations will c011111u31cc illllldiatdy  follov.’ill~,
tile  ~)laybac.k  of key etlgincmitl~  data lcgaldil~~  IIIC
coalition and confi~ur  ation  of tllc landu  and the
cllafactm istics of the. entry. A  )I)OIC cwlqdctc
descl ij]tioll  of tile rover is ~ivm] in Refer cIJcc 6.
l;i?,ulc S lllOvicics  atl al iist’s col}cc~)tioll  o f  tllc
h41:S(J1< }’atllfi~dcv l:indu ad dq)loytxl  IOVCI 011
the SUI fi~cc  of hlals.

‘1’JIc rc’stxtrcll  (Icscribd ifi this lJaj JcI was cari id
out I)y tlje Jet l’lopu]sioll  1.abolatoi y, [hlifo!  Ilia

IIlsti[utc  of ‘l-cchnolt)~,y,  UIKl CI a cOrlt[ act witti  tilt>
Natiorial  Acromtutics  i~ll(l  .f~)act! A{ltili~listl:ttic)t].
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h4a1s, ” J]’] ~ ‘1’cchl)ical  Rqm]t 1)-6(188 (J]’],
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